1) INTRODUCTION
The composition of multicomponent systems at the topmost surface layer determines to a large extent their resistance to external chemical attack and their catalytic activity in surface reactions. ·simple thermodynamic arguments 1 indicate that the surface composition of alloys should be different from their composition in the bulk. In order to minimize the positive total surface free energy of the multicomponent system, the constituent of lowest . 2 surface free energy will accumulate in the topmost surface layer. This paper reports on AES experiments aimed at determining the surface composition of homogeneous binary alloys as a function of bulk composition and temperature. It-appears that the experimental data for the Pb-In and.
Ag-Au systems are in good agreement with the surface compositions predicted by a regular solution model. Thus, for this class of systems, i.e., homogeneous binary a11oys, the surface composition may be calculated with some degree of confidence. Tile ideal solution theory assumes that the heat ofmixing, llH of m component A with component B is zero while the entropy of mixing is calculated assuming that the constituents are distributed randomly throughout the solution. 5 The surface is assumed.to be composed of the topmost layer only (monolayer) although in some cases this ~pproximation is relaxed. 6 Using this ideal solution monolayer model, the surface composition of the binary mixture can be expressed as
where n is the regular solution parameter which can be expressed in terms of the bond energies Eij' Avogadro's number Nand the bulk coordination number z. For .the Pb-In system L\Hm and, thus, n are positive and relatively small while for the Ag-Au system 6H is exothermic (n is negative) and fairly . m large. The surface composition in the regular solution monolayer approxi-0 mation is given byv .{2. 5) Tbe packing parameter t gives the fraction of nearest neighbors in the same plane \'lhile m is the fraction of nearest neighbors that are in an adjacent plane. For a face centered cubic lattice, a bulk atom has 12 nearest neighbors .. Thus, for an atom in the {111) crystal face, there are 6 neighbors in the surface plane {t = 6/12) and three nearest neighbors in the plane below the surface, {m = 3/12). In this approximation, the surface composition becomes a fairly strong function of the heat of mixing, its sign, and magnitude in addition to the exponential dependence on the surface tension difference and temperature.
W11liams
6 has extended the monolayer regular solution model by allouing . . .
where I..E is the attenuation depth of the"observed electrons of energy E defined in terms of _a Beer's Law type attenuation. Consequently, for a pure solid the Auger peak intensity IE at energy E can be written'as
is a complicated function involving properties of the solid, the electron scattering within it, and all experimental parameters. This expression serves to break the Auger intensity into contributions from various .depths z and to sum them. For a pure solid, using.the assumption given above, integration of equation 3.2 yields (3.3) In order tci measure Auger peak intensities as a function of depLh fur an alloy, two further assumptions will be made. The first is that th£> presence of neighboring atoms does not effect the Auger yields.' That is, there are no matrix effects. Therefore, the Auger intensity arising from a particular depth will depend only on the number of emitters.
The second assumption is· that the escape depths of an electron does
. not depend upon the medium, but only upon the energy. This was shown ·experimentally to be approximately correct and many "universal" curves of escape depth versus energy have been pub1ished. 9 These assumptions lead to the equation -8-For a pure solid exhibiting t\~O Auger peaks at energies E and E' the ratio ·~,E' becomes (3.5) and this ratio is easily measured. The superscript zero is used to denote intensities and ratios from pure metals. For an alloy the corresponding ratios are
can also be easily_measured. Therefore, 
IA(E) pure ·I 8 (E') pure
Since the two Aug~r peaks are at different electron energies E and E', .
-10-they sample the composition over different depths in the alloy. Thus ·if the sample is homogeneous, in the absence of surface segregation, these intensity ratios will reflect precisely the bulk compositi:on and their sums shoul~/be unity. However, if there is surface segregation then the intensity ratios will not reflect the bulk ratios and their sum may be greater or less than unityo
.In addition to these types. of data analysis the presence of temperature dependence of the Auger intensity ratjos is an indication of changes in the surface composition.
4) RESULTS AND DISCUSSION
We have studied the Pb-I~ and Ag-Au systems by AES in some detail. The Pb-In system was studied in the li~uid state to assure equilibration of the bulk and the surface phases. The Ag-Au alloy samples had to be heated to 300°C for over 30 minutes or to above this temperature for shorter times, after suitable cleaning of the surface of impurities (carbon, sulfur and chlorine) by ion sputtering, before equilibration of the ·surface phase and the bulk phase was achieved. The details of the AES experiments for both of these systems are described elsewhere.lO,ll In Figure 4 the Pb-In Auger peak intensity ratios. are plotted as a function of the bulk atom fraction ratio on a log-log graph according to the first method of data analysis that was described above. All of the experimental points fall below the bulk ratio line indicating surface segregation of Pb as predicted by the regular solution models. In addition, the surface segregation decreases with increasing temperature as shown by the data points in Figure 4 , as predicted by the regular solution models for this system. In the 4-layer model, the enrichment in each layer is shown. 
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